Objective It is unknown why most amoebic liver abscess (ALA) cases occur in alcohol drinkers. In experimental studies, the presence of 'iron' potentiates the invitro growth of Entamoeba histolytica (E. histolytica), and is also known to increase its in-vivo invasiveness in animal infections. Chronic alcoholism increases the hepatic iron deposition. Wehypothesized that ALAoccurs more commonlyin livers with a high iron load as in alcoholics.
Introduction
Entamoeba histolytica (E. histolytica), the protozoan responsible for amoebiasis, is the third leading cause of parasite-related deaths worldwide (1) . The spectrum of diseases caused by this parasite includes intestinal infection (amoebic colitis), as well as extra-intestinal infection, mostly in the form of amoebic liver abscess (ALA) (2) . Various factors like poor hygiene (3), diabetes (4), or steroid-overuse (5) have been knownto predispose to the development of ALA. Chronic consumptionof alcohol also seemsto predispose to ALAas seen by the fact that most ALAcases occur in people whoconsumeregular alcohol (6) (7) (8) (9) . Howalcohol contributes to the development of ALAis not clear. In the past, experimental studies have shownthat 'iron' acts as a growth factor for E. histolytica (10) , and increases its in-vivo invasiveness as well (1 1). Also, Yersinia enterocolitica bacillus, which relies on exogenous iron for its growth, causes multiple liver abscesses in conditions with increased liver iron (12, 13) .
It is known that alcohol influences the absorption of iron (14) and the metabolic effects of chronic alcohol consumption include an increase in the liver iron content (15) . Whether this hepatic iron load in chronic alcoholics predisposes them to ALAis not known. The aim of the present study was thus to assess and compare the levels of iron in the liver and /or blood between ALAand non-ALA cases belonging to alcoholic and non-alcoholic groups.
Alcohol, Iron and Amoebic Liver Abscess eluded in the study as follows: Group A consisted of ALA cases occurring in chronic alcoholics (chronic alcoholism defined arbitrarily as ingestion of more than 3 large drinks of alcohol per day on a regular basis for several years). Group B included chronic alcoholics (non-ALA) who presented to the gastroenterology clinic for evaluation of enlarged liver and/or raised transaminases and underwent biopsy to assess the degree of liver damage due to regular alcohol consumption. Group C consisted of ALAcases in non-alcoholics. Group D consisted of non-alcoholic, non-ALAsubjects. To ethically justify the liver biopsy in Group D, the subjects selected were from those undergoing exploratory laparotomy following accident or trauma and their biopsy was taken intra-operatively.
The diagnosis of ALA was based on clinical features (such as fever, pain right hypochondrium, tender hepatomegaly etc.), presence of liver abscess on ultrasound and a positive serology for E. histolytica by indirect hemagglutination (IHA) method.
Patients with evidence of alcoholic cirrhosis, hepatitis (B or C), cholangitis, gall bladder/biliary tract disease or any other significant chronic illness were excluded. Patients with small-sized abscesses not requiring aspiration were also excluded, as the ethical committee did not approve liver biopsy in such patients. All subjects except those from Group D were subjected to ultrasound of abdomen.In addition to the routine blood tests (complete blood count, fasting blood sugar, lipid profile, liver function tests, and coagulation profile) a fasting serum iron level was measured using standard laboratory techniques. After all standard precautions, a percutaneous liver biopsy was done in all patients and sent for routine histopathology and Perl's staining for iron. An independent senior pathologist who was blinded to the clinical and biochemical parameters of the patients reviewed the biopsies.
The histological scoring method as described by Sciot et al (16) was used for assessment of stainable iron, and based on the scores the biopsies were graded from 0-IV in increasing order of the liver-iron content (Appendix).
All observations were pooled together and the results of iron studies which are being presented here were compared by an independent statistician using Student's't' and Fisher's exact test. All results are expressed as mean±standard deviation.
Results
During the period of study, a total of 48 ALAcases were diagnosed. Amongthese, 34 patients were alcoholics and 14
were non-alcoholics. Based on the exclusion criteria given above, out of the 34 alcoholic-ALA cases (Group A), only The amount (0-4) zonal distribution of stainable iron was assessed in hepatocytes, sinusoidal cells and in cells within portal tract stroma and fibrous septa. A final score was obtained by multiplying the hepatocytes score by a coefficient of 3 (as the hepatocytes predominate quantitatively, with regards to sinusoidal or connective tissue cells), and the other scores were multiplied by a coefficient no 1. The total score on a scale of 0-20 was then divided into grades 0, I, II, III, and IV as given below:
10 could be included for analysis (24 were excluded as 5 were diabetics, 6 had alcoholic hepatitis and 2 had early cirrhosis on biopsy, 1 had gall stones, 6 had small abscesses which did not require aspiration, and 4 refused biopsy).
Amongthe 14 non-alcoholic ALAcases (Group C), only ll could be included (3 were excluded as they had small-sized abscesses that did not require aspiration). Groups B and D included 10 patients each. No patient from any of the groups was found to be positive for hepatitis B (HBsAg positive) or hepatitis C (anti-HCV antibody positive). Since Groups A, B and D had 10 patients each; the odd llth patient from Group C was also excluded for statistical simplification. Thus, a total of 40 subjects were finally entered into the analysis. The average consumption of alcohol among Group A and B was 80-90 ml/day for most days of the week. The mean duration of alcohol consumption was 5.3 years. The types of alcohol consumed were mixed (both undistilled/country liquor and distilled) but no sub-categories were made. No patient from either Group C or D consumed alcohol.
Out of the total 48 ALAcases, 46 (95%) were males and only 2 (5%) were females. Even in the 20 ALA cases included in the final analysis, 19 were males and 1 was a female belonging to Group C ( Table 1) . The minimum and maximumage in ALAcases were 23 years and 60 years, respectively. Most cases were males between the 3rd and the 5th decade of life. Themeanage wascomparableand not significantly different in the 4 groups ( This could be because of a good dietary intake and a good, Serum iron (Table 3) All patients of ALAhad serum iron values within the normal range (30-140 jug/dl) but on the higher side of normal limits. There was no significant difference between serum iron levels of patients of Groups A and C (p>0.05) while they were significantly higher when compared to Group D cases (p<0.0001) and even with Group B cases (p<0.0001). The lone female among20 ALAcases had a serum iron value of 92.0 j^g/dl, while the 3 females from Group D had serum iron values of 50.0, 47.0 and 57.0 jug/dl, respectively.
Liver iron (Table 3) On histochemical staining for iron in the liver tissue, most patients with ALAhad grade II or III iron deposition while, the non-ALA groups had mostly grade I iron. The mean iron score in Group A was ll.2±2.57 with a range of 9-16. Five (50%) patients had grade III iron and 4 (40%) patients had grade II iron while only 1 (10%) patient had grade IV iron. In Group B, 7 (70%) patients had grade I and only 3 (30%) patients had grade II iron with an iron score range of 1.7, and a mean score of 3.8±2.09.
In Group C, up to 8 (80%) patients had grade II iron, while only 1 (10%) had grade III and another one (10%) had grade I iron. The average iron score was 9.2±2.54 with a Group C patients had significantly higher liver iron scores (p<0.003). There was no positive correlation found between serum iron levels and liver iron scores in respective groups. The meanserum iron levels, liver iron score and the percentage of patients according to grade of liver iron in various groups are shown in Table 3 .
Discussion
From the above data, it is clear that the amoebic liver abscess has a positive predilection for alcoholics. The causal relationship between alcohol and liver abscess was first reported way back in 1874 by Jimenez (21), when he made an observation that a hepatic abscess occurred most often after 'disorderly meals' and 'large alcohol intake'. Since then a numberof studies have confirmed the high occurrence of ALAin chronic alcoholics (6) (7) (8) (9) (17) (18) (19) (20) . In the present study also, most cases of ALAwere seen amongalcoholics. Hai et al (9) in his review of 220 ALA cases has suggested that drinkers of 'toddy' (a type of country liquor made from fermented palm juice) become susceptible because of the large doses of E. histolytica ingested with the drink. But this seems unlikely, as ALAseems to be commonin alcoholics irrespective of the type of alcohol used, as was seen in our study, in which most ALAcases consumed distilled alcohol and not country liquor. A more plausible explanation is that chronic alcohol consumptioncauses somemetabolic or immune changes in the liver, which facilitate the invasion and colonization of the liver by the amoeba. Wehypothesized that it is not alcohol but the 'increased liver iron' due to regular alcohol consumption (14, 15, 22) , that increases the susceptibility to ALAin alcoholics by providing an ideal breeding ground for the growth of E.
histolytica. Our 'iron-hypothesis' was based on the observation that E. histolytica fails to grow without the addition of exogenous iron to the culture medium,despite the presence of enough endogenous iron in the mediumsupplied by peptones and serum (10, 23) . To test our hypothesis, we attempted to determine if there was a difference in the levels of iron in the serum or liver between ALAand non-ALAcases belonging to alcoholic and non-alcoholic groups. To null the effect of alcohol in ALA cases, we included ALA patients among non-alcoholics.
These patients thus acted as controls for Group A. To assess the iron content in the liver biopsy specimen, we used a semi-quantitative histochemical staining method which has recently been shown to have a significant correlation between liver iron concentration and histochemical grading (16) .
The liver iron scores were found to be significantly higher in patients with ALA,both alcoholics and non-alcoholics, whencompared to the other groups (p<0.05). There was no significant difference seen (p>0.05) between serum iron levels of both groups of ALApatients, but when the levels were compared to the non-ALAgroups the difference was significant (p<0.05). There was no positive correlation found between serum iron levels and liver iron scores in the respective groups. The higher liver iron in alcoholic-ALA cases was presumably due to regular alcohol use, while the higher iron in non-alcoholic ALA cases could not be assessed for its etiology. Though an elevated serum iron level can be found in widespread liver cell destruction as ferritin is released to the circulation leading to increase binding of ferritin-iron to transferrin with resultant increase in serum iron, a low but linear correlation was found between the serum iron levels and the serum liver enzymes (SGOT, SGPT, SAP), suggesting only a mild upset of overall liver function in ALAin most cases. Also, because of the regular menstrual blood loss, females in the reproductive age group are known to have lower iron stores. In the present study, the iron score in the three nonALAcontrol females was 1, 0, and 0, respectively, as compared to a score of 5 in the lone female patient of ALA.This low iron, which is unsuitable for the growth of E. histolytica, might act as a protective factor against the invasion of E. histolytica in such females. This negative predilection of ALAfor females correlates well with previous reports that concur with the low incidence of ALAin young females (9, (17) (18) (19) (20) . Other low iron states like pregnancy, infancy, young adolescence and elderly age group (24) and the low incidence of ALAseen in these groups in various studies (9, (17) (18) (19) (20) 25) further lends support to the protective role of low iron in ALA. Iron stores in the body are normally maintained in the liver (26) . In a study by Bothwell et al (27) in 1984, hepatic iron levels amongBlack subjects with amoebiasis were studied. Based on their results, they reported that iron overload is more commonin patients with amoebiasis than in the general population though the hepatic iron stores were not found to be larger in patients with liver abscesses than in subjects without. No explanation for this was given and the effect of alcohol was also not taken into account. It is possible that in the clinical setting of exposure to the parasite, the degree of iron content in the liver plays a facilitatory role in increasing Alcohol, Iron and Amoebic Liver Abscess the predisposition to develop this disease.
Another study which lends support to the our 'iron hypothesis' is a controlled study by Murray et al (28) amongthe Masaai tribe of Africa which showed that nomads who consumed low-iron milk had less incidence of infection with E.
histolytica.
Administration of iron among these nomads to correct their iron deficiency sharply increased their susceptibility to amoebiasis. Since iron deficiency is a part of the spectrum of malnutrition, the finding that low iron stores can be protective against the development of ALA,seem to be a contradiction to the previous reports that suggest that the incidence of ALAis higher in malnutrition (9, 29) . But the fact is that the role of nutrition in ALAis complex and poorly understood (30) . Further experimental and humandata, especially on the effects of iron-chelation therapy in cases of iron-overload can shed more light and help better understand the role of iron in the pathogenesis of ALA.
